Abstract: This Investigation is carried out to find out the effect
I. Introduction
to liquid state. When the temperature of a vapor goes below its saturation temperature, condensation occurs. A certain amount of sub cooling is required for condensation. Hence, energy in the latent heat form must be removed from the condensation area during the phase change process. A pressure decrease happens in the region of condensation results a mass diffusion toward this region.
Condensation can be classified as bulk condensation and surface condensation. Vapor condenses as droplets suspended in a gas phase in the bulk condensation. When condensation takes place randomly within the bulk of the vapor, it is called homogeneous condensation. If condensation occurs on foreign particles exist in the vapor, this type of bulk condensation is defined as heterogeneous condensation. Fog is a typical example of this type of condensation.
Surface condensation occurs when the vapor contacts with a surface whose temperature is below the saturation temperature of the vapor. Surface condensation has a wide application area in the industry. It is classified as film wise and drop wise condensation.
Film condensation occurs when the liquid wets the surface and the condenser surface is blanketed by a condensate film. This film represents a thermal resistance to heat transfer and a temperature gradient exists in the film. The analytical investigation of film condensation was first performed by Nusselt in 1916 . He neglected the effects of vapor drag and fluid accelerations. He assumed that flow is laminar throughout the film. It is further assumed that a linear temperature distribution and a parabolic velocity profile exist between walls and vapor conditions. Despite the complexities associated with film condensation, Nusselt achieved to get reasonable and realistic results by making his assumptions.
Drop wise condensation occurs on a surface which is coated with a substance that inhibits wetting. Heat transfer rates in drop wise condensation May bête times higher than in film condensation. Since very high heat transfer rates can be obtained in drop wise condensation, it is always desired in applications. It is possible to reduce the heat transfer area half or less in a condenser system by using drop wise condensation.
II. Literature Survey
Review of the previous studies about condensation will be presented in this section. The research is mainly based on two subjects; laminar film condensation and the condensation of vapor on a horizontal cylinder. The analysis of laminar film condensation was first performed by Nusselt [1] . He proposed a simple model of the physical phenomenon which is capable to calculate film thickness and heat transfer coefficient for different geometrical configurations. He neglected the effects of both energy convection and fluid accelerations within the condensate layer and the shear stress at the liquid-vapor interface. Nusselt assumed that flow throughout the film is laminar and only gravity forces are acting on the condensate layer. A simple balance between the gravity and the shear forces was created in the analysis. The gas is assumed to be a pure vapor rat a uniform temperature equal to T sat . Heat transfer from vapor to liquid is only carried out by condensation and constant fluid properties are assumed for the liquid film. It is further assumed that a linear temperature distribution exists across the condensate layer.
Dukler [2] developed new equations for velocity and temperature distribution in thin vertical films. Since these equations are too complex for analytical solution, he used numerical solution. The equations he derived utilize the expression proposed by deissler for the eddy viscosity and eddy thermal conductivity. He calculated average condensing heat transfer coefficients and liquid film thickness from the velocity and temperature distributions. He showed that results are in good agreement with the classical Nusselt's theory at low Reynolds numbers and in the turbulent region, he obtained agreement with the empirical relationships of colburn for fully developed turbulent flow in the absence of interfacial shear.
Abdullah et al. [3] performed an experimental setup so as to investigate condensation of steam and r113 on a bank of horizontal tubes and the influence of a non condensing gas. Data were in good agreement with single-tube theory at the top of the bank but were found very lower in the vapor side heat transfer coefficient. Air, which is a non condensing gas, causes a sharp decrease in the heat transfer coefficient when exists in the vapor. Kumar et al. [4] performed an experimental investigation to find out the behavior of the condensing side heat transfer coefficient h o , over a plain tube; a circular integral-fin tube (cift) and a spine integral-fin tube (sift). It was concluded that cift and sift have an enhancement on the condensing side heat transfer coefficient by a factor of 2.5 and 3.2, respectively. Besides, sift offers about 30 percent more enhancements in h o with respect to cift.
Kutateladzeand gogonin [5] also investigated the influence of condensate flow rate on heat transfer in film condensation. Condensation of quiescent vapor on the banks of horizontal smooth tubes of different diameters was analyzed. It was pointed out that vapor condensation on super cooled drops and discrete liquid streamlets contributes to heat transfer at re > 50 and both Reynolds number and the diameter of the cylinder have a considerable effect on the starting length of the thermal boundary layer.
Chen [6] investigated laminar film condensation around a single horizontal tube and a vertical bank of horizontal tubes. He considered the inertia effects and assumed the vapor is stationary for the single tube case. Chen found that the inertia forces have a larger effect on the heat transfer of round tubes than flat plates. For the multiple tube case, he neglected the inertia effects and the unpredictable effects of splashing and ripples. He also stated that boundary condition at the top of the lower tubes is largely influenced by the momentum gain and the condensation between tubes. Comparison of heat transfer coefficients with experimental data had been accomplished and the theoretical results were expressed as approximate formulas for both cases.
III.
Analytical & Experimental Procedure 3.1 ANALYTICAL MODEL-The Condensation of Steam over a vertical tier of horizontal tube is investigated by both analytical and experimental methods during this study. An analytical model has been developed with the help of the lecture notes of Arpacı. Two equations, which are obtained by applying the principles of conservationof mass and conservation of momentum on the condensate layer, are transformed into the finite difference forms. Thus, the problem is turned to a state that can be solved by the computer. A computer program, which uses the Newton-Raphsonmethod, has been implemented in order to analyses the problem. The program gives the film thickness and the velocity distribution of the condensate for each condensation tubes. 3. The condensation tube in the middle and the flow delimiters are removed from the setup. Hence, the distance between two horizontal tubes is increased resulting splashing and attenuation effects of the condensate are increased. Experiments start with turning on the heater of the boiler. The heater of the cold water tank may be initiated depending on the cooling water temperature desired by the experiment. As soon as cooling water temperature reaches to desired value, the heater is plugged out. Meanwhile, boiler is about to begins end in gathers team to the setup. A certain period of time is waited for the test section to be purged and free of air. After the test section is filled up with steam, the valve of the cooling water tank is opened and the water flows down to the horizontal condensation tubes. Cooling water flow rate is determined by measuring the time for filling out pre defined vessel .after the system has stabilized, data recording is commenced. The varying factor of the experiments is the cooling water temperature value. Surface temperature of the condensation tubes changes by adjusting the cold water temperature. Variac is used to control the steam flow rate in some experiments. The data tables obtained from the experiments are given in appendix..
IV. Analytical & Experimental Result

Analytical Results
It is based on the theoretical model which is developed tocalculate film thickness and velocity distribution in the condensate film.Thermo physical properties and geometric dimensions are defined at the beginning of the program. By changing the thermo physical properties, it is possible to examine Condensation phenomenon on a vertical tier of three horizontal tubes for various working fluids. The fundamental geometric parameter is the diameter of the tubes. The effect of the tube diameter on the film thickness, velocity of the condensate, heat fluxes and heat transfer coefficient will be discussed. The analytical results which are obtained at different tube diameters will be used to study the effect of tube diameter on condensation heat transfer. Another parameter that significantly affects condensation rate is the difference between the saturation temperature of steam and the wall temperature of the tube. The results which are obtained for different ∆T values will be used to study the effect of steam to wall temperature difference on condensation heat transfer.
Experimental Results
The results of the experiments are obtained for three different stages. Heat transfer rate is obtained from the measured mass flow rate, the inlet and outlet temperatures of the cooling water. Condensation heat transfer coefficient is calculated by the convection heat transfer formula: 
Uncertainty Analysis
There are two methods to calculated uncertainties; the worst-case combination and constant odds combination. According to the constant odds method, if a result r is to be calculated by a function r = r(x 1, x2... X n) input data x i , then the uncertainty in r is given by As kline and mcclintock claimed [7] equation a gives the uncertainty in r with good accuracy for most functions of engineering importance, and therefore will be employed to calculate the uncertainties in these studies. 
Comparison of Experimental Results with Analytical Results
The heat transfer coefficients of each condensation tubes which were obtained from the experiments conducted at the vertical position and the analytical investigation are presented in 
V. Conclusion
Experimental data are presented for condensation of steam on a vertical tier of three condensation tubes the conclusions drawn from the present study are as follows: It is concluded from the experiments of the first stage that the heat transfer rate is slightly increased at the middle and the bottom tubes by inclining the test section, and no significant change in the heat transfer coefficient of the upper tube is observed. It is concluded from the experiments of the second stage that the rate of heat transfer is significantly increased due 
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